We report the discovery of disappearance of Mg ii, Al iii, C iv, and Si iv broad absorption lines (BALs) at the same velocity (0.07c), accompanied by a new C iv BAL emerging at a higher velocity (up to 0.11c), in the quasar J0827+4252 at z = 2.038. This is the first report of BAL disappearance (i) over Mg ii, Al iii, C iv, and Si iv ions and (ii) in a weak emission-line quasar (WLQ). The discovery is based on four spectra from the SDSS and one follow-up spectrum from HET/LRS2. The simultaneous C iv BAL disappearance and emergence at different velocities, together with no variations in the CRTS light curve, indicate that ionization changes in the absorbing material are unlikely to cause the observed BAL variability. Our analyses reveal that transverse motion is the most likely dominant driver of the BAL disappearance/emergence. Given the presence of mildly relativistic BAL outflows and an apparently large C iv emission-line blueshift that is likely associated with strong bulk outflows in this WLQ, J0827+4252 provides a notable opportunity to study extreme quasar winds and their potential in expelling material from inner to large-scale regions.
INTRODUCTION
Broad absorption line quasars (BALQSOs; Weymann et al. 1991 ) make up ≈ 15% of quasars discovered to date (e.g., Trump et al. 2006; Gibson et al. 2009 ), but their intrinsic fraction may be up to ≈ 40% due to selection effects (e.g., Allen et al. 2011) . They are often classified into high-ionization BALQSOs (HiBALs) and lowionization BALQSOs (LoBALs). HiBAL quasars show absorption features only from relatively high-ionization species such as C iv and Si iv. LoBAL quasars possess high-ionization features plus absorption from lowionization species, typically Al iii and Mg ii. Almost all BALQSOs are characterized by blueshifted absorption troughs imprinted on their spectra, signaling outflows along our line of sight (LOS).
The inner circumnuclear regions of quasars cannot be spatially resolved with current technology, and thus we cannot directly observe the physical processes that cause BAL outflows. However, BAL variability provides one of the most-powerful diagnostics for exploring the nature and origin of such outflows. Statistically, BAL variability is widely explained by transverse motions of BAL absorbers across our LOS or ionization changes in response to continuum variations (e.g., Capellupo et al. 2011; Filiz Ak et al. 2013; Wang et al. 2015) .
BAL emergence or disappearance, an extreme and relatively rare form of BAL variability, is often interpreted as gas moving into or out of our LOS (e.g., Junkkarinen et al. 2001; Hamann et al. 2008; Leighly et al. 2009; Krongold et al. 2010; Hall et al. 2011; Vivek et al. 2012; Rafiee et al. 2016) . Some studies, however, report observational evidence in support of ionization changes (e.g., McGraw et al. 2017; Stern et al. 2017; Vivek et al. 2018) . A few studies based on relatively large samples confirm that both the ionization-change and transverse-motion mechanisms account for most BAL-emergence/disappearance phenomena (e.g., Filiz Ak et al. 2012; Wang et al. 2015; McGraw et al. 2017; De Cicco et al. 2018; Rogerson et al. 2018; Sameer et al. 2019) . The dominant driver of BAL emergence/disappearance in individual BALQSOs, however, often remains uncertain due to a lack of sufficient observational evidence to break degeneracies inherent in BAL variability. In fact, BAL disappearance or emergence phenomena have been reported mostly for weak BAL troughs caused by a single ionized species. Only a few investigations have reported BAL emergence or disappearance occurring over multiple-ion BAL troughs (e.g., Hamann et al. 2008; Filiz Ak et al. 2012; McGraw et al. 2017; De Cicco et al. 2018; Rogerson et al. 2018) . To date, no BAL-variability studies have reported a case where BAL disappearance occurred over all of the commonly observed Mg ii, Al iii, C iv, and Si iv ions at the same velocity.
Weak emission-line quasars (WLQs) are a notable "extreme" subset of the quasar population (e.g., Fan et al. 1999; Diamond-Stanic et al. 2009; Shemmer et al. 2010; Wu et al. 2015; Luo et al. 2015; Plotkin et al. 2015) , although previous studies have not reached consensus on the detailed nature of WLQs. Recent WLQ studies, mainly from an X-ray perspective, broadly support a "shielding" scenario for WLQs that is associated with high Eddington ratios (e.g., Wu et al. 2012; Luo et al. 2015; Ni et al. 2018) . Likewise, some BALQSO models also require a "shielding" mechanism by which high-energy photons are blocked from reaching the UVabsorbing clouds (e.g., Proga et al. 2000) , although a dense outflow could have a sufficiently low ionization level itself without shielding (e.g., Hamann et al. 2013; Baskin et al. 2014) . Regardless of specific models, both BALQSOs and WLQs appear to have high-velocity outflows driven by radiation pressure. Indeed, UV BALs often show high LOS velocities (>0.03c; e.g. Hamann et al. 2008; Vivek et al. 2012; Rogerson et al. 2016) while both BALQSOs and WLQs tend to have larger C iv broad emission-line (BEL) blueshifts than non-BAL quasars (e.g., Richards et al. 2011; Luo et al. 2015) . However, previous WLQ studies were almost entirely based on non-BAL objects. In this context, studying BALs in WLQs is valuable for understanding the connection between the two quasar subsets.
In this Letter, we report the first discovery of dramatic BAL disappearance over Mg ii, Al iii, C iv, and Si iv species at the same velocity (∼0.07c) followed by a new, stronger C iv BAL emerging at a higher velocity (up to 0.11c) in a LoBAL WLQ, J082747.14+425241.1 (hereafter J0827+4252) at z = 2.038. Note. -The S/N values represent the average S/N at 1750 < λrest < 1800Å. All spectra have a similar spectral resolution (R ≈ 1800) at λ obs = 4000Å.
OBSERVATIONS AND DATA REDUCTION
J0827+4252 is a LoBAL quasar selected from our Mg ii-BAL quasar sample (Yi et al., in prep) that is dedicated to the large-scale investigation of Mg ii-BAL variability using multi-epoch spectra from the Sloan Digital Sky Survey-I/II (hereafter SDSS; York et al. 2000) and the Baryon Oscillation Spectroscopic Survey of SDSS-III (hereafter BOSS; Eisenstein et al. 2011; Dawson et al. 2013) . SDSS and BOSS are wide-field, large sky survey projects using the same dedicated 2.5-m telescope at the Apache Point Observatory, New Mexico (Gunn et al. 2006; Smee et al. 2013) . Spectra for this quasar were taken at four, well-separated epochs (see Table 1 ), and the fully reduced spectra were retrieved directly from the SDSS DR14 archive. In our sample, we noticed that Mg ii, Al iii, C iv and Si iv BALs at the same velocity completely disappeared in this source. Therefore, this quasar was ranked as the highest priority for subsequent spectroscopic observations. We obtained additional spectra for this quasar using the blue arm of the Low-Resolution Spectrograph-2 (LRS2; Chonis et al. 2014 ) mounted on the HobbyEberly Telescope (HET; Ramsey et al. 1998 ) on April 4, 2018. The newly obtained spectroscopic data were processed with the LRS2 pipeline (Davis et al. 2018; Indahl et al. in prep) , which includes standard long-slit spectral extraction procedures, but does not yet include flux calibration. However, the lack of flux calibration for the HET/LRS2 spectra does not affect the identification and measurement of BAL features. To calibrate the flux of the HET/LRS2 spectrum, we first fit a low-order polynomial to the spectrum and then scaled the spectrum so that the polynomial fit matches the reddened powerlaw fit (see Section 3) for the BOSS spectrum at MJD = 55513. In this process, we assumed that the HET/LRS2 spectrum and the BOSS spectrum at MJD = 55513 have the same continuum flux.
For better visual clarity, we smooth all the raw spectra with a 25-pixel Savitzky-Golay filter window as shown in Figure 1 . This smoothing does not affect the appearance of the broad emission/absorption lines.
OBSERVATIONAL RESULTS
The barely visible C iv BEL and weak C iii]+Mg ii emission features in the different spectroscopic epochs shown in Figure 1 indicate the WLQ nature of this LoBAL quasar. The four different-ion BALs at the same velocity have the same velocity width, suggesting that they arise in the same absorbing material. Note that the Si iv troughs are located at the blue edge of the spectra and are associated with large uncertainties; thus the detection of Si iv BALs is not as reliable as that of the other BALs.
Continuum fits and EW measurements
We adopt a reddened power-law model to fit the global continuum using the SMC-like reddening function from Pei (1992) . This model was fit to regions of the spectra that were visually identified to be relatively free of emission and absorption features (1260-1350Å, 1750-1800Å, 2100-2250Å, 3000-3100Å). Spectral slope and reddening are then derived from the global fits. Noticing that the WLQ nature of this LoBAL quasar, we choose another WLQ, J0945+1009 at z = 1.683 from Plotkin et al. (2015) , as a template to fit our spectra at different epochs by optimizing the SMC-like reddening and scaling factors. As a comparison, we also consider a model combining a non-BAL composite spectrum (Vanden Berk et al. 2001 ) as a template in combination with the same SMClike reddening function to fit these spectra. The left panels of Figure 1 display all spectra of J0827+4252 obtained from SDSS and HET/LRS2 (adopting z = 2.038 ± 0.005 from Hewett & Wild 2010) . There is clear trend that the weak emission-line feature becomes increasingly evident from low-to high-ionization emission lines, as noted by Plotkin et al. (2015) ; in addition, the C iv emissionline blueshift of J0827+4252 appears to be consistent with that of J0945+1009 (∼5500 km s −1 ). However, we require near-IR spectroscopy to establish the C iv emission-line blueshift, as J0945+1009 does show dramatic Mg ii emission-line blueshift compared to the systemic redshift determined by the Hβ emission line. As the global continuum fit may not be optimal for quantifying BAL properties, we choose the local continuum fit over these line-free regions using the same reddened power-law model for quantitative measurements. The local fits are in good agreement with global fits except for the spectrum at MJD = 57063 with an apparent change in spectral shape, possibly due to flux-calibration errors. To obtain BAL-disappearance timescales over different ions, we do not consider the highly uncertain spectrum at MJD = 54524 (S/N∼3 in the continuum). Using a 2σ EW measurement as the threshold of BAL-trough detection, Mg ii BAL disappeared by MJD = 55513, Si iv and Al iii BALs disappeared by MJD = 57063, and the low-velocity C iv BAL disappeared by MJD = 58212. Our measurements of the spectra and BAL properties are tabulated in Table 2 . The time evolution of the EWs of these BALs is shown in the bottom panel of Figure 2 . Note. -v b LOS and v r LOS are the blue-and red-edge velocities (1000 km s −1 ) of each BAL trough. α λ and r are the index and reddening derived from the global reddened power-law fits. The last five rows are the corresponding BAL EWs (Å) over multiple ions at different epochs based on the local continuum fits, in which C iv l and C iv h represent the low-velocity and high-velocity C iv BALs, respectively. Figure 2 is that the lowvelocity C iv BAL slowly weakens until it completely disappears (over > 5 yr in the rest frame), while a strong C iv BAL emerges abruptly (over < 1 yr in the rest frame) at a higher velocity. Another dramatic feature is the faster disappearance of LoBALs compared to HiBALs. These observational results provide diagnostics for investigating the dominant driver of the BAL disappearance/emergence and the structure of outflows (see Section 4).
One conspicuous feature in

Black-hole mass estimate
Based on the single-epoch virial relation, Shen et al. (2011) estimated the Mg ii-based black hole (BH) mass and Eddington ratio for this quasar to be ∼ 6.3 × 10 9 M and λ Edd ∼ 0.01. Note that the Mg iibased BH mass from Shen et al. (2011) was measured from the spectrum at MJD = 52266 that has low S/N. We measured the Mg ii BEL with a higher S/N spectrum at MJD = 55513 (see the inset panel of Figure 1) using the same prescription from Shen et al. (2011) , which yields a FWHM MgII = 6990 ± 610 km s −1 after subtracting the power-law continuum and Fe ii emission (see the dashed and dotted lines in the inset panel of Figure 1 ). Our measurement of the FWHM is consistent with that of Shen et al. (2011) , where they measured FWHM MgII = 8860 ± 1340 km s −1 . The continuum fits indicate an approximately equal luminosity at 3000Å over the two epochs for this quasar (so logM BH ∝ logFWHM 2 ). Our measurement yields M BH ∼ 4 × 10 9 M . We caution that the uncertainties on the BH mass not only include measurement errors (∼0.1 dex) and systematic errors (∼0.3-0.5 dex) of the single-epoch scaling approach, but also may have additional systematic errors related to non-virial gas motions sometimes seen in WLQs (e.g., Plotkin et al. 2015) .
DISCUSSION
Ionization changes of BAL absorbers and transverse motions across our LOS are the two most widely accepted explanations accounting for BAL variability. We discuss these two possibilities in this section. 4.1. Ionization-change scenario Assuming solar abundances under an optically thin condition, the observed BAL disappearance over multiple ions can be explained by ionic column density variations in response to ionization changes. Depending on the initial value of the ionization parameter, a reduction in the column density of an ion can be caused by either an increase or a decrease in the ionizing flux. From Figure 4 of Hamann et al. (2001) , the ionization parameter at MJD = 52266 can be constrained to be log U ∼ −3 due to the simultaneous presence of Mg ii, Al iii, C iv, and Si iv BALs. The subsequent disappearance of Mg ii and Al iii BAL troughs together with the weakening of C iv and Si iv BALs by MJD = 55513 can be explained by an increase in the ionizing flux (to log U ∼ −1.5). The observations do not support a reduction in the ionizing flux as the C iv BAL would have disappeared before the Mg ii BAL in such a scenario. A continued increase in the ionizing flux would result in the further weakening and eventual disappearance of the low-velocity C iv BAL. However, the simultaneous disappearance of the low-velocity C iv BAL and appearance of the high-velocity C iv BAL at MJD = 58212 poses some problems. It is tempting to argue that the increase in the ionizing flux resulted in favorable ionization conditions for the C iv BAL to arise in high-velocity material at a larger distance. If the source of the ionizing flux is in common for the two absorbers, the fractional changes in the ionization parameter should be comparable for the two absorbers. However, the fractional ionization-parameter change required to explain the appearance of the high-velocity C iv BAL is much larger than that needed to explain the disappearance of the low-velocity C iv BAL.
The complete disappearance of the moderately strong low-velocity C iv BAL clearly requires a large change in the ionizing flux. Note that saturation in the absorption troughs (supported by the coexistence of Si iv, C iv, Al iii, and Mg ii BALs at the same velocity) demands an even larger change in the ionizing flux. Therefore, we likely expect to see variations in the UV light curve even though the actual ionizing photons are in the far-UV. To assess the UV continuum variability, we analyzed the synthetic V -band light curve (corresponding to the UV band in the rest frame) obtained from the Catalina Real-Time Transient Survey (CRTS; Drake et al. 2009 ), as depicted in the top panel of Figure 2 . As we are interested in the long-term continuum variability, we binned the light curve in one-year intervals (the grey squares).
As a comparison, we also show the upper limit (due to possible flux missing from the spectroscopic aperture) on the V -band magnitudes (inverted black triangles in the top panel of Figure 2 ) derived from the SDSS spectra using the prescription from Jester et al. (2005) . Both of the V -band light curves do not point to any significant changes in the continuum flux. Additionally, the EW measurements of the Mg ii BEL (2780 < λ rest < 2820Å) indicate that the Mg ii BEL did not experience substantial variations (see filled grey dots in the bottom panel of Figure 2 ) during our observations. We also explored the radiation pressure confinement (RPC) model of Baskin et al. (2014) , which proposes a radial density profile, leading to a range of U in a single absorber system. Given the exponentially increasing density profile (equation 22 of Baskin et al. 2014) , the high density, low-U gas (where the Mg ii ions are formed) should be less sensitive to changes in the ionizing flux as compared to the low-density, high-U gas (where the C iv ions are formed). Therefore, ionization changes in the context of the RPC model are unlikely to explain our observation of faster disappearance of LoBAL troughs.
In light of the observational evidence discussed above, we conclude that the ionization-change mechanism is not a dominant driver of the BAL disappearance/emergence, although it may play a role in a single "direction" (BAL disappearance or BAL emergence).
Absorbing-gas motion scenario
We first assess the possibility of an accelerating BAL absorber moving from low to high velocity along our LOS. We did not find any monolithic shifts of the C iv BAL before its disappearance, and there are no Al iii BAL (see Figure 1 ) appearing at a similar velocity as the newly emerged C iv BAL. Additionally, if the emerging C iv BAL were caused by the acceleration of the disappearing BAL, then the derived acceleration (≈ 25 cm s −2 ) would be about two orders-of-magnitude larger than the typical upper limit of BAL acceleration found in previous studies (e.g., Grier et al. 2016) . Therefore, the acceleration of outflows along our LOS can be ruled out.
Next, we examine the case where BAL material moves across our LOS. In reality, a BAL absorber system may be composed of numerous "clouds" with a small volume filling factor (e.g., Hamann et al. 2013) , and the BAL-absorber density, as well as the background source emission, are most likely inhomogeneous. For simplicity, we consider a single cloud with a uniform density along our LOS. The BAL disappearance/emergence can be explained by a scenario in which one gas cloud containing both HiBAL/LoBAL absorbers takes more than five years to move out of our LOS; then, another cloud producing only C iv absorption spends less than one year moving into our LOS. The faster disappearance of the LoBALs can be explained if the low-ionization gas is embedded inside the high-ionization gas and has a smaller covering factor (e.g., Arav et al. 1999; Baskin et al. 2014) . Observationally, such an explanation is supported by a recent study from Hamann et al. (2018) , where they found that the low-ionization/high-column gas tend to have smaller covering fractions in BAL outflows based on a large BALQSO sample. No Al iii BAL appears at a similar velocity to the emerging C iv BAL in the HET spectrum. This could be due to either the low-ionization gas not yet moving into our LOS or the material associated with the emerging C iv BAL having a relatively high level of ionization.
To estimate the continuum source size, we choose the Mg ii-based BH mass (4×10 9 M ) of this quasar (see Section 3.2). Following Rogerson et al. (2016) , the lower limit on the projected size of the continuum region is estimated to be ∼ 0.01 pc. The average trough depth (∼0.6) of the disappearing C iv BAL indicates that the BAL absorber covers at least 60% of the projected area of the continuum source. To set a lower limit on the transverse velocity (see Rogerson et al. 2016 for details), we consider the homogeneous, sharp-edged case where
, and D b refer to the crossing distance, LOS covering factor, and the projected size of the background source, respectively). The lower limit on the transverse velocity is estimated to be v t > 1100 km s −1 using the BAL-disappearance timescale (5.36 yr). As a comparison, the mean radial LOS velocity of the disappearing C iv BAL is 20000 km s −1 . If we assume that the transverse velocity is comparable to the Keplerian velocity (see, e.g., McGraw et al. 2017) , then the derived distance between the absorber and the central engine is 14.2 pc.
For the newly emerged C iv BAL at v LOS ∼ 0.1c, a lower limit on the transverse velocity is derived to be 5870 km s −1 using the change of trough depth (∼0.6) and BAL emergence timescale (< 1 yr). Similarly, the derived distance between the absorber and the central engine is less than 0.5 pc assuming the Keplerian velocity. We require follow-up spectroscopy to trace a time evolution (at least the whole emerging process) for the newly emerged BAL trough and obtain a better estimate of BH mass which, in turn, can be used to derive an upper limit on the transverse velocity and constrain its ionization level as well as outflow structure to the low-velocity BAL absorber.
SUMMARY AND FUTURE WORK
We report a case of BAL disappearance/emergence in a WLQ for the first time, where LoBALs at the same velocity disappeared faster than HiBALs, followed by a quick emergence of a strong C iv BAL at a higher velocity. Based on the simultaneous BAL disappearance/emergence and non-variability of the continuum flux, we disfavor a scenario where an ionization change in the absorbing material resulted in the observed BAL variability. Transverse motion of the absorption system is the most likely dominant driver of BAL disappear-ance/emergence for this quasar.
Such dramatic BAL disappearance over multiple ions, the quick emergence of a strong BAL trough, and the presence of mildly relativistic outflows in this WLQ, together suggest an extreme, wind-dominated phase, in which BAL absorbers are expected to cross our LOS more quickly and frequently than in other BAL quasars. Multi-wavelength follow-up observations will be helpful for further investigations regarding physical properties of the WLQ, the connection between WLQs and BALQSOs, the relatively roles of BAL/BEL outflows and their potential in expelling material from inner to largescale regions. Particularly, UV/optical/near-IR followup spectroscopy will allow us to establish the C iv-BEL blueshift, trace subsequent BAL/BEL variability (possible LoBAL emergence), and obtain a better estimate of the BH mass, which is critical for probing the physical nature of this LoBAL WLQ.
